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BACKGROUND OF THE IMVENTION 
Field of the Invantlcn 

The present invention relates generally tofibers exhibiting Improved resilient bulking and absorbent proper- 
ties. More particulariy. this invention relates to an Improved method of preparing resilient bulking fibers by 
crosslinking wood pulp fibers with polycarboxyiic acids. 

Description of the Related Art 

It is known in the art that resilient bulking fibers are useful for the preparation of bulkier and more absorbent 
paper structures. Such paper structures are uselul for the manufacture of products such as handsheets. towels, 
tissues, filters, paperboaitl, diapers, sanitary napkins, hospital dressings and the like. One method for obtaining 
resilient bulking fibers is by crosslinking cellulose fibers by treatment with a chemical compound. U.S. Patent 
15 No. 3,81 9,470 discloses modified cellulosic fibers characterized by reduced swellabillty and a reduced capabi- 
lity of natural fiber-to-fiber bonding when compared to unmodified cellulosic fibers and having a substantive 
polymeric compound reacted with and attached to the fibers. U.S. Patent No. 4,431 ,481 discloses modified cel- 
lulosicfibers produced by treating the fibers with copolymers of maleamic acid. Other known techniques include 
treatment of fibers with cationic urea fonnnaldehyde resins. (U.S. Patent No. 3,756,913), methylol ureas and 
20 melamines (U.S. Patent No. 3,440,1 35). formaldehyde (U.S. Patent No. 3,224.926). with the condensatton pro- 
duct of acrolein and formaldehyde. (U.S. Patent No. 3.183.054), bis-acrylamides (Eur. Patent No. 0,213.415). 
and treatment with glyoxal or glutaric dialdehyde (WO 88104704. U.S. Patent No. 4,822.453 and U.S. Patent 
No. 4.853.086). ^ . . ^. ^ 

The crosslinking methods of the prior art. however, tend to suffer from the disadvantages of toxicity, high 
25 coat, or poor effectiveness. Of these, toxicity is especially disadvantageous In view of the mounting concerns 
over the environment and safety of the workers. Because of these concerns, most currently available bulking 
fibers and the methods for making them are not commercially acceptable or will be challenged. 

Thus, crosslinkers such as epichlorohydrin. divinyl-sulfone. bisacrylamides. formaldehyde, and formal- 
dehyde-based reagents such as 4.5-dlhydroxy-1,2-dimethylol-ethylene urea (common textile finish) present 
30 serious hazards to workers and consumers. Formaldehyde-free reagents such as 4,5-dlhydroxy-1 . 2-dimethyl- 
ethylene urea, while safer, are very expensive. Other f omnaldehyde-fiBe reagents such as glyoxal, glutaric dial- 
dehyde, and various resins, while generally considered non-hazardous and reasonably priced, are less 
effective at producing bulking resilientfibers. Forexample. ireatmentofcellulosicfibers with maleamic copolym- 
ers or other resins, as taught in U.S. Patent No. 4.431.481. results in fibers having equivalent bulk to fibers 
35 without chemical treatment that were heated to the same elevated temperatures as utilized with the resin treat- 
ment 

The fonnation of nits and knots is a common problem in the preparation of bulking resilientfibers through 
chemical crosslinking. Nit fonmation Is particulariy prevalent when faster reacting agents, such as aldehydte 
compounds, or when polymeric agents are used. Practitioners of the art usually employ debonding agents. 
40 mechanical defibration such as hammennilling, and screening to reduce the nit and knot contents of treated 
fibers. Such measures tend to be costly and can be deleterious to fiber and paper quality. 

The prior art does not disclose the use of polycarboxyiic acids as crosslinkers or coreactants with other 
crosslinking systems for the productton of bulking absorbent fibers, although the textile Industry has demon- 
strated the use of polycartioxyllc adds as crosslinkers or coreactants with other crosslinkers for the enhance- 
46 ment of wrinkle-resistance and durable-press properties in cotton fabrics (U.S. Patents Nos. 3.526,048 and 
4.820.307, and TextRes.J. (1967), 3L 933 and (1 972), 274). Also cellulosic fibers and powders have been 
crosstinked with dlrlc add to produce ton excharige materials (U.S. Patent No. 2,759,787). 

The present Invention overcomes the problems and disadvantages of the prior art directed to paponnaking 
by providing high bulking resilientfibers with little or no nits or knots obtained through crosslinking of wood pulp 
so fibers with polycart>oxylic acids such as citric acid. 

It is an object of the present invention to provide such resilient bulking fibers In a manner which will minimize 
the cost and increase the effectiveness of the fibers produced. 

it is an additional object of the present invention to minimize the hazards to woricers and the environment 
during preparation of these fibers. 
55 Another object of the present invention is to increase the anionldty of the fibers such that the fibers are 

more receptive to spedfic additives and are themselves more conducive to making acceptable paper subs- 
trates. 

Additional objects and advantages of the Invention wUI be set forth in the description which follovi^, and In 
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Dart Will beaDDarentfromthedescription. ormay be learned by practice of the Invention. The objecte and advan- 
Sis if iSe^^^^ be realized and obtained by means of the instnimentallties and oombinabons par- 

ticulariy pointed out in the appended claims. 

SUMMARY OF THE INVENTION 

To aclnieve the foregoing objects, and in accordance with the purposes of the Invention as embodied and 
broadWdes^brd herein, there is provided a resilient bulking fiber comprising individualized wood pulpcel- 
.u7c^ fi2e« cJ^lh^k^ i>y a poly<Lboxy.ic acid, wherein the degree <^;«os^^;^r^^^^Ba^ that sufficient 
to induce twiatina and curting and/or resilient bulking tendencqr m said individualized fibers. 

Tre^t^ ;^vSed a'method for preparing resilient bundng fibers «»mprislng ■n'J'v'd-"-^ -^^^^^ 
fibers CTMsiinkedbyapolycarboxyllc add comprising theateps of treating wood pulpw^^^^ 

STa^SXaS'; individualizing the cellulosic fibers so treated ; and heating 
rh«^to^eLtinXkluallzed crosslinking of the cellulosic fibers by the pol^^^^^ 

ta«atedfibers prior to heating them to effect oossiinklng ensures that the crossllnking is mlra^ber ; that is tt.e 
^^ifnk^nnrTprimarit between cellulose mdecUes of a single fiber. This Is m oontraat to .,i^er-fib« 
S^iJking Where the bonds are fom^d between cellulose molecules of differentflbera. The resulting dry bulk- 
SX« «n bJTncorporated Into products through conventional papermaking techniques These fit^ resist 
relaxation during papermaWng, retaining their bulking behaviour throughout the papermaking P^oeMS. 

The JnSJn^KlndudL an ImpLed paper product comprising on a weight bas^s a mejonty o^wood 
pulp fieird suffldent crossllnked wood pulp fiber to Impart Improved bulk and absorbency properties. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 graphically depicts the Attenuated Total Reflectance (ATR) of CAFC fibers (cf Example 4). 
Fig 2 graphically depicts the ATR spectrum of TC fibers (cf Example 2). 
Fig. 3 graphkally depicts the ATR spectrum of CA fibers (cf Example 6) 

Fta 4 is a mterophotograph of fibers that were oven dried and cured without citric acid. 
f3*. 5 to a mterophotograph of fibers that were oven dried and cured with citnc aad. 

DESCRIPTION OF THE PREF ERRED EMBODIMENTS 

Reference wHl now be made in dotal to the present preferred embodiment of the Invention. In accordance 
v^th^jT^renV In^ntton there is provided resDlent bulking fibers and a method for their preparabo" by 
^slkingfndiiS^ 

^sSl^d as used herein, refers to cellulosic fibers that have primarily Intrafiber chemical or^lmk 
^nds T^at lMhe crosslink bonds are primarily between cellulose molecules of a single fiber, rather than be- 

an addWonalagentsud, as sodium hydroxideorother caustic agentoracoreactant/acoel««h»^^^^ 
to select the coreactant/acceierator from the dass of inorganic phosphorus compounds It is more P«ferable 
to S^^S* e^Jctant/accelerator from the group consisting of phosphates, phosphites, hypophosphites^ 
pyroZrhatS^nd metaphosphates. It Is most preferable to use an Inorganic phosphorus compound sud, 

"oXtr nev^S^ wood pulp fibers can be used, although it is preferable to use rjever dried fibers^lt 
is our expSrS-^TSat starting wS. L never^ried fiber results in maximum bulking levels f^r ':^f«''"W"9 
reJaS^S^type of celhJlose crosslinker used. Not wishing to be bound by any ttieory. it Is believed *^ 
"eveiSSdfi^iaJLfbr homogeneous distribution of crosallnking diamical i" the call wall. -^^Jjln a i^« 
JSiStoBdItete during the rJLsllnking process, and more readly adopt twisted and curied oonfiguiaUons 

^'^"Any'J^lulplibers may be used, although It is preferable to use d,emlcal them«l medianlcal pulps. 
Southern and Northern softwood bleached kraft pulps, and secondary fibere. .. ^ ^ . - ^««ir 

aSS to the present invention, individualized wood pulp cellulosic fibers are orossHnked pdywr- 
box^S^ ?he degree of crossllnking Is at least that sufficient to induce twteting and curting and/o^'"*"* 
SgteTdencyln?aidlndlvWuallzedflbe,8.Theupper limit would be rw^^ 

renders the fibers unfit for the Intended use. . ^ „ ju..fc««*i-.«*»Kon 

InLdualized crosslinked fibers according to this invenflon thus indude those cr^^^ 
1 mo!e % to n»« »an 25 mde %. calculated on a cellulosic anhydroglucose mdar basis, of a polycarboxylte 
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acid crosslinking agent 

Any poiycarboxylic acid known to crosslink cellulose may be used to crosslink the fibers according to the 
5 present invention. Preferred polycarboxyllc acids include citric acld» propane tricarboxylic acid, maleic acid, 
butanetetracarboxyltc acid, cyclopentanetetracarboxylic acid and benzene tetracarboxylic acid. It is also con- 
templated to use polycarboxyllc acid precursors and derivatives that will produce the polycarboxyllc acid under 
the reaction conditions utilized to crosslink the fibers, as well as homopotymers and copolymers of polycar- 
l>oxylic acids. The most preferred polycarboxyiic acid is citric acid because it is an inexpensive, nontoxic, 
io environmentally safe, readily available, naturally occurring polycarboxyiic acid. 

The polycart>oxy!ic acid may be present in any concentration in the aqueous solution to allow for a sufficient 
number of crosslinks, it is advantageous to use in the range of a 3-10% aqueous solution of polycarboxyiic 
acid, with about a 5% aqueous solution being most preferred. 

A caustic agent may be used, if desired, including sodium hydroxide, 
ts After the fibers are treated with the aqueous sdution, the fibers may be dewatered by conventional paper- 
making techniques, for example, through the use of a screw press. The dewatering is done to any consistency, 
although higher consistencies are desirable for economical drying. Preferably, the fibers are dewatered to a 
consistency of at least 30%. In order to maximize the bulking and resilient characteristics of the crosslinked 
fibers, it is important to minimize compression forces experienced by the fibers prior to crosslinking and par- 
20 ticuiarty during dewatering. 

The dewatered fibers may be dried by any method that allows individualization of fibers (i.e., minimizes 
nits, knots, fisheyes, etc.). For example the fibers may be azeotropically dried In a solvent, preferably toluene. 
Alternatively, the filtered fibers may be fluff dried using a hot gas such as air or superheated steam. 

After the fibers have been dried to an individualized state, they are then cured by conventionally known 
25 means to bring about the crosslinking reaction. For example, the fibers may be cured by heating them at a tem- 
perature in the range of firom about 150**C to about 180**C for in the range of aboutone-half of a minute to about 
ten minutes. 

Drying and curing can be accomplished either separately or concurrently in either batch or continuous oper- 
ations. 

30 in order to maximize the bulking and resilient characteristics of the fibers prepared according to the present 
invention it is desirable to conduct drying at a lower temperature than that used for curing. 

Drying and curing of the treated fibers can be achieved by any means that allows heating of the fibers to 
elevated temperatures, for example, ovens, or heating in hot gas streams such as air, steam, superheated 
steam, or inert gases such as argon or nitrogen. It is preferred to use reducing atmospheres during drying and 
35 curing, such as is achievable with systems like superheated steam or inert gases like nitrogen and argon, to 
minimize charring, darkening, and degradation of the fibers. 

The cured fibers thus prepared can then be dispersed for use. Preferably, the dispersion step involves con- 
tacting the cured fibers with water at an elevated temperature. 

These bulking fibers may then be used - alone or in blends - to prepare products that exhibit improved 
40 bulking and absorbent properties. The improvement in absorbency relates both to faster rate of absorbency 
and to increased fluid-holding capacity. The amounts of crosslinked fibers used to prepare the producte are 
readily determinable by those skilled in the art For instance, filtration and absorbent product applications will 
often be made 1 00% from the fibers of the present invention. On the other hand, towel and tissue paper products 
may be made by blending fibers according to the present invention with a majority of conventional wood pulp 
45 fibers. In such applications, it may be preferable to use crosslinked fibers in an amount of about 25% or less 
by weight of the paper product 

Additional advantages and modifications will readily occur to those skilled in the art. The invention in ite 
broader aspecte is, therefore, not limited to the specific details and Illustrative examples shown and described. 
Accordingly, departures may be made from such details without departing from the spirit or scope of the general 
50 inventive concept as defined by the appended claims and their equivalents. 

The following examples further illustrate preferred embodiments of the present invention. The examples 
should in no way be considered limiting, but are nnerely iilustrath^e of the various features of the present inven- 
tion. 

55 Example 1 : 

Never dried Northem bleached softwood kraft fibers (NSWK) were dispersed in a 10% aqueous solution 
of citric acid, to which 0.03 equivalents of sodium hydroxide (based on equivalents citric add) had been added. 
The resultant fibers were fDtersd to approximately 30% consistency, azeotropically dried In toluene, filtered, 
and heated In an oven at 160»C for 10 min. The cured fibers were then disintegrated in lOO^'C water for 30 min. 

4 
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(the water temperature drops to 45-C during this time). The resultant fibers are hereafter referred to as "CATC-. 
5 Example 2 ; 

Example 1 was repeated without cHrlc acid to produce fibers hereafter refeired to as TC". 
Example 3 ; 

The fibers described in Examples 1 and 2 were made Into pressed British handsheets according to standard 
methods using the furnish compositions described in Table 1 . As can be seen from the data provided in Table 
1 sheets made with the furnish containing the CATC fibers had the highest bulk after pressing. Thus, for every 
1% Incorporation of CATC fibers In a furnish containing NSWK fibers, a 2.5% Increase in dry sheet bulk was 
18 seen after pressing. 

Example 4 ; 

Example 1 was repeated except that no sodium hydroxide was added to the citric acid solution the fibers 
were fluff dried with hot air in lieu of azeolrope drying in toluene, and curing was done at 180«C for 2.8 minutes. 
The resultant fibers are hereafter referred Id as "CAFC". 
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Example 5 : 

Example 4 was repeated without cHric add to generate fibere hereafter referred to as "FC". 
Example 6 : 

Example 4 was repeated without the oven curing step to generate fibere hereafter referred to as "OA". 
Example 7 ; 

Example 4 was repeated without citric add and without the oven curing step to generate fibere hereafter 
refen^ed to as 'FD'. 

Example 8 ; 

The fibere obtained in Examples 4-7 were used to prepare British handsheets as described in Example 3. 
The pressed bulk data for the resultant sheets are provided in Table 2. tk-w.», 
Theciossllnking presumably occurs by the formation of diester bonds between cellulose chains. The exist- 
ence of ester linkages in the CATC and CAFC fibers is dearty evident from the band at 1728 cm -« obtained 
by IR spectroscopy (for example see Figure 1). Such ester linkages are absent in the untreated or uncured 
fibers (for examples see Figures 2 and 3). The percent covalentiy bound citric acid v^s nwasured n the CAFC 
fibere by titration according to the method described in Text Res. J. (1967). 37 :933 and found to be 7 w^ 
(based on weight of oven dried fiber). This means that 23% of the available dtric acM had actually reacted with 

The'citric add crosslinking reaction appeared to impart additional kink and curt to the fibere that were other- 
wise not achieved by the heat treatments alone. This suggestion was supported by comparison of •n'«oP;°»^ 
graphs of fibere that were oven dried and cured without citric add (Figure 4) with microphotographs of fibere 
so that were oven dried and cured with citric add (Figure 5). k« 
The citric acid crosslinking reactton rendered the NSWK fiber more anfonic. This was ««dily apparent by 
treating the oossllnked fibere with methylene blue. A deep blue cotor was retained In the crosalintod »ere, 
whereas little dye was taken up by the untreated NSWK fibere. The total diarge of dtnc acid crosslliiked fibers, 
made according to Example 4, was 76 meq/1 00 g. The total charge of untreated fiberswas 4 nieq/100 g. Th« 
55 anlonlcitylsafurtheradvantageofthefibereofthepresentlmrentlonoverthoseprepareda 

art as the polycarboxyllc acid crosslinked fibere should be more receptive to cabonfc additives Importantto 
papeimawng. For example, the strength ofsheets made from the ooreslinked fibere should b^ 
out oompromteing the bulk enhancement by Inoorporatton of a cattonlc strength resin 

ThepolycarlXBcylteadd crosslinking reaction did not appear todamagetheNSWKfibere.Thi«. «hf average 
fiber length was not changed by the crosslinking reactton. Furthemiore. the Integrity of the fibere was 

5 
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unchanged by the crosslinking reaction as evidenced by microscopic examination (compare Figures 4 and 5). 
There was some brightness reduction due to the crosslinking reaction (see Table 1). 

5 

Example 9 : 

The successful achievement of bulking fibers is by no means limited to crosslinking with citric acid. Any 
polycarboxyiic acid known to crosslink cellulose will work. To demonstrate this, NSWK fibers were crosslinked 

10 with butanetetracarboxylic acid according to the method described In Example 1 . The resultant fibers, hereafter 
refenred to as "BTATC, were then made into handsheets according to the method described In Example 3. 
The physical data on these sheets are provided In Table 3. The existence of ester bonds t)etween cellulose 
and butanetetracarboxylic acid was verified by IR spectroscopy. As can be calculated from the data in Table 
3, a 25% incorporation of the BTATC fibers in the NSWK furnish results in a 92% increase In pressed sheet 

IS bulk. Furthenmore, there was no brightness loss seen in the preparation of the BTATC fibers. 

Example 10 ; 

Partial neutralization of the citric acid prtor to fiber treatment is not necessary (See Example 4) for the sue- 
20 cessfLiI preparation of high bulking resilient fibers as described above. Thus, Examples 1-3 were repeated with- 
out the use of sodium hydroxide in the preparation of the treatment solution, and the resultant fibers (i.e. CAT 
fibers) had equivalent performance to that of the CATC fibers (compare data in Table 4 with that In Table 1). 
Since the citric acid treated fibers were at 25% consistency prior to drying, 39% of available citric acid (i.e. that 
acid contained in the dry fiber prior to curing) had reacted with the NSWK fibers to produce the CAT fibers des- 
25 cribed in this example. 

Example 11 ; 

Example 10 was repeated except a treatment solution containing only 5 wt% citric acid was used. As can 
30 be seen in Table 4, comparable bulking perfonmance is observed with the resultant CAT fibers relative to those 
prepared with solutions having twice the level of citric acid. Furthennore, there is a marked improvement in 
brightness accompanying the reduction of citric acid in the treatment bath. It should also be noted that 53% of 
the avaflable citric ackl had reacted with the NSWK fibers to produce the CAT fibers described In this example. 

35 Example 12 ; 

Example 10 was repeated except a 3 wt% aqueous solution of citric acid was used for the treatment. As 
can be seen In Table 4, there was a slight reductk>n in the bulking ability realized with the CAT fiber prepared 
under these conditk>ns. Nevertheless, a 2% bulk enhancement is predicted for every 1% incorporation of these 
40 fibers In a NSWK furnish. Furthermore, essentially no reduction in brightness was observed with these fibers 
relative to the control. As was the case with the CAT fibers prepared according to Example 10, about 39% of 
the available citric acid had reacted with the NSWK fibers to produce the CAT fibers described in this example. 

The percent bound citric acid levels as determined by titration (7) are consistently lower than those deter- 
mined by k)n chromatography. The latter method is considered to be more reliable as It is not predicated on 
45 an assumption of the number of active equivalents of cart)oxyl functionality during base hydrolysis. 

The results of the above examples suggest that the bulking resilient fibers can be obtained using dilute 
solutions of polycarboxyiic acids without the Involvement of other chemical additives. Such a simple treatment 
chemistry greatiy enhances the attractiveness of the present inventton. Nevertheless, it has been demonstrated 
by others that certain additives, such as sodium dihydrogen phosphate or sodium hypophosphite, can appa- 
50 rently accelerate the reaction of polycarboxyiic adds with cotton fibers. Text Chem, Color. (1989). 21, 2,13. 
Such acceleration is useful for the present Invention, as shown In Example 13. 

Example 13 

55 NSWKfibers were dispersed in an aqueous solution that contains 5% citric acid and 5% monosodium phos- 

phate, filtered to about 25% consistency, fluff dried, and cured at 180'' for 90 seconds. As can be seen in Table 
5, the resultant fibers (PCAT) are extremely bulking. The amount of bound citric acid reached in this catalyzed 
system was 69% of that available. The effectiveness of the monosodium phosphate to accelerate reaction of 
dlric ackJ with fiber is ftirther exempiried i»y the observation of 1% bound citric add after fluff drying alone 
(PCATU). No bound citric acM has been observed during fluff drying of fibers treated with only citric ackl. Some 
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covalently bound phosphate was also detected by ion chromatographic analysis of hydrosylate of PCAT fibers. 
Thus, phosphate appears to be coreacting along with citric acid, with the cellulose. 



Exampie 14 



The citric acid crosslinking treatment is effective at producing bulk and resiliency enhancement in a wide 
variety of wood pulps. Different wood pulps were treated according to Example 13. unless otherwise stated, 
and made into pressed 65 g/m^ handsheets. The bulk data is provided In Table 6. 
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TabUti Citric aeia crosslisJtiag o£ 

— difftrtnt vood pulp* • 

100% Husua* (pr«dri«d) 
100* Hu»ua* (n«v«r dri«d) 

100% SSWf <n«v«r dri«d) 1*8 

100% Secondary fibers*^ i-* 

25% Tr«at«d Hustum (predriad)* 2.3* 

25% Troatad Kusub {nmyr dried) ' 2.6* 

25% TTMtied SSWX»'' 2.4 
25% Treated secondary fibers'* 



2.3* 



i.« 2.8* 



25% Treated CTMP 
25% CTMP (never dried) 

100% HSWK (never dried) ^ i.fe 



b) 



I) Made into pressed 65 g/m' British handsheets 

Scandinavian bleached spruce kraft pulp (untreated) 

c) Southern pine bleached kraft pulp (untreated) 

d) Long tib«r fraction of Pondarosa secondary fibers (untreated) 

e) 78% untreated predried Husun 

f ) 75% untrsated Qsver driad Busum 

g) 75% un«r.mt.d 8SVX 

h) 75% untr«at«d ••eondary fibers 

1) 75% MSWX 

j) N.v«r dri.d Horth.rn .ottwowi bl««ch«l taraft pulp (untr..ted» 
k) S«M ni^a present 

Dri.d and curad with «>p«rh«at*d st.n at 180'C for 30 ..conds 



1) 



I) Starting CTMP was navar driad 



Clalma 

1 individualized wood pulp cellulosic fibers crossllnlced by a polycartoxylic acid. '^^^^'^ ^^^'^^.^ 
cSslillwngIs at least that sufficient to induce In said individualized fibers at least one of the following, 
namely twisting, curling and iBSilient bulkhg tendency.. 

2. Individualizedwoodpulpcdiuloslcfibersasdaimedlndaiinl cfosslinlcedbyf^orn^ 

25 Le %. calculated on a eellulosic anhyd«>glucose molar basis, of a polycaiboxyllc add crosslinWng 
agent 
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3. Individualized crosslinked wood pulp celluiosic fibers as claimed in daim 1 or daim 2 in which the polycar- 
boxylic add crossllnking agent is selected from citric acid and butanetetracarboxylic acid. 

4. A resilient bulking fiber comprising Individualized crosslinked wood pulp celluiosic fibers as dalmed in any 
one of daims 1 to 3. 

5. A method for preparing resilient bulking fibers comprising the steps of : 

(a) contacting wood pulp celluiosic fibers with a polycarboxylic add ; 

(b) individualizing the celluiosic fibers ; and 

(c) curing the individualized celluiosic fibers to effect crossllnking of the celluiosic fibers by the polycar- 
boxylic acid. 

6. A method for preparing resilient bulking fibers comprising the steps of : 

(a) mixing wood pulp celluiosic fibers with an aqueous solution of polycarboxylto acid ; 

(b) individualizing said celluiosic fibers of step (a) ; 

(c) curing said celluiosic fibers of step (b) to effect crossllnking of said fibers. 

7. A method for preparing resilient bulkmg fibers comprising the steps of : 

(a) mixing wood pulp celluiosic fibers with an aqueous solution of polycarboxylic acid ; 

(b) dewatering said celluiosic fibers of step (a) ; 

(c) drying said celluiosic fibers of step (b) ; and 

(d) curing said celluiosic fibers of step (c) to effect crossllnking of said fibers. 

8. The method of daim 7 wherein saki dewatering process comprises pressing said celluiosic fibers through 
a screw press. 

». The method of claim 7 wherein sakI dewatering process comprises azeotroplcally drying said fibers In a 
solvent. 

10. The method of any one of daims 7 to 9 wherein said fibers are dewatered to a consistency of at least 30%. 

11. The method of anyone of claims 7 to 10 wherein said drying step (c) comprises fluff drying the dewatered 
fibers with hot gases. 

12. The method of anyone of daims 7 to 11 wherein said drying step (c) is perfonmed at a temperature lower 
than that used for curing in step (d). 

13. The method of any one of daims 6 to 12 wherein said aqueous solution is about 3-10% aqueous solution 
of a polycarboxylic add. 

14. The method of any one of daims 6 to 13 wherein the aqueous solution Includes a caustic agent 

15. The method of any one of claims 6 to 13 wherein said aqueous solution comprises citric acid and a coreao- 
tant/accelerator. 

16. The method of daim 15 wherein said coreactant/accelerator is selected from phosphates, phosphites, 
hypophosphites, pyrophosphates and metaphosphates. 

17. The method of daim 15 wherein the coreactant/accelerator is monosodlum phosphate. 

18. The method of any one of daims 5 to 17 wherein said polycarboxylic acid is selected from citric add and 
butaiietetracart>03^ic acid. 

18, The method of any one of daims S to 18 wherein the curing step comprises heating the fibers at a tern- 
peratuia In the range of from about 150 to about 180'»C for a time period in the range of from about 0.5 to 
atxMJt 10 minutes. 

20. The method of any one of daims 5 to 19 wherein said wood pulp fibers are selected from chemical thermal 

14 



0440472A1_I_> 



EP 0 440 472 A1 



mechanical pulps. Southern and Northern softwood bleached kraft pulps, and secondary flbers. 

21. The method of any one of claims 5 to 20 wherein said wood pulp fibers are never-^lried fibers. 

22. An Improved resflient bulking and absorbent paper product comprising croaslinked wood pulp cellulose fib- 
ers to provide Improved bulking and absorbent properties. 

23. A paper product as claimed in claim 22 wherein said crossllnked vwood pulp cellulose fibers are indlvl- 
dualized. 

24. A paper product as claimed in dalm 22 or daim 23 wherein said crosslinked wood pulp cellulose fibers 
contain interftber bonds. 

25. Apaperproducta8daimedinanyoneofclaims22to24where[nthec^^^^^ 
are m claimed in any one of claims 1 to 3 or are made by a method as daimed in any one of daims 5 to 
21. 

20 26. The paper product of any one of daims 22 to 25 further comprising non-croasllnked fibers. 

27. The paper product of daim 26 wherein said non-crossllnked fibers comprise the majority of said product, 
on a weight basis. 

25 28. The paper product of daim 26 or daim 27 wherein said non-crosslinked fibers are wood fibers. 

29 The paper product of any one of daims 22 to 28 wherein said paper product is selected from handsheets, 
towels, tissues, filters, paperboard. diapers, sanftary napkins, and hospital dressings. 
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